Introduction
The spin stucture of hadrons is still not understood at a fundamental level in QCD, despite having been extensively studied both theoretically and experimentally over past two decades. The trigger for many of these activities was the so-called spin crisis, namely an unexpectedly small net quark contribution to the total spin of the nucleon: 0.27 ± 0.04 at Q 2 = 10 GeV 2 , reported initially by the EMC Collaboration [1], and subsequently confirmed by a number of other experiments [2, 3, 4, 5] . Defining ∆q to be the net polarization of a given quark species q, and likewise ∆q for the corresponding antiquarks, it has been found that:
∆u + ∆ū = 0.82 ± 0.03, ∆d + ∆d = −0.44 ± 0.03, ∆s + ∆s = −0.11 ± 0.03.
(
This result indicates the presence of strange sea quarks with negative net polarization, though the interpretation depends strongly on the gluon contribution to the nucleon spin [6] . Among the many questions still challenging both theoretical and experimental efforts we may mention:
-Are strange quarks in the nucleon indeed polarized as suggested by the deep-inelastic scattering (DIS) data?
-What is the gluon contribution to the nucleon spin?
-What is the spin content of other baryons?
There are several ongoing experimental activities dedicated to investigating the gluon contribution to the nucleon spin [3, 5, 7] . In principle, it is possible to measure ∆s, ∆s directly in an experiment with neutrino and antineutrino charged-current (CC) and neutral-current (NC) (quasi) elastic scattering off neutrons and protons [8] and in DIS from a polarized target [9] . However, for the moment there are no approved experiments of this type. Therefore, it is of great interest to have estimates of the polarization of the strange quarks in the nucleon using indirect measurements.
Using a model of polarized intrinsic strangeness [10] it was suggested [11] neutrino experiments [12, 13, 14] , with the results shown in Table 1 . The observed longitudinal polarization of Λ 0 hyperons varied from −0.29±0.18 to −0.63±0. 13 , increasing in absolute value in the region x F < 0. However, all these early experiments suffered from a lack of statistics, and the results could not be considered conclusive, although they were very suggestive.
The NOMAD Collaboration has recently published new and interesting results on Λ 0 andΛ 0 polarization with much larger statistics [15, 16, 17] . The observed longitudinal polarization of Λ 0 hyperons produced in neutrino DIS from an isoscalar target was P Λ 0 = −0.15 ± 0.03(stat.), again increasing in absolute value when x F < 0: P Λ 0 (x F < 0) = −0.21 ± 0.04(stat.).
There have been a few attempts in the literature to describe Λ 0 andΛ 0 polarization in the target fragmentation region. The polarized intrinsic strangeness model [11] mentioned earlier predicted a negative sign for the longitudinal polarization of Λ 0 andΛ 0 hyperons. The polarization of Λ 0 hyperons in the target fragmentation region of DIS has also been considered in the meson cloud model [18] .
polarization of final-state Λ 0 hyperons was predicted to be strongly anticorrelated to that of the nucleon, vanishing for an unpolarized target.
In addition to studies of the nucleon's intrinsic strangeness content, the self-analyzing properties of Λ 0 andΛ 0 decays are crucial for investigations of the spin structure of these hadrons in experiments with a source of polarized fragmenting quarks. The possible correlation of the polarizations of the scattered quark and the final-state hadron is described by the spin transfer coefficient:
where D h q (z) and ∆D h q (z) are unpolarized and polarized fragmentation functions for the quark q to yield a hadron h with a fraction z of the quark energy. We recall that Λ 0 andΛ 0 polarization has been, or is planned to be measured in several different processes where the fragmentation of polarized quarks can be measured:
-in e + e − annihilation at the Z 0 pole at LEP [19] ,
-in polarized charged-lepton DIS off a target nucleon [7, 20, 21] , -in (anti) neutrino DIS off a target nucleon [12, 13, 14, 15, 16, 17] .
These processes have been extensively studied in different theoretical models [22, 23, 24, 25, 26, 27, 28, 29, 30] , in attempts to understand the spin structure of final-state hadrons and spin effects in the quark fragmentation process. A key assumption, adopted widely, is that the struck quark fragmentation can be disentangled from the nucleon remnant fragmentation by imposing a cut: x F > 0. We discuss in Sec. 2.4 the validity of this assumption, which is important also for attempts to probe intrinsic strangeness.
It is important to recall that a significant fraction of Λ 0 hyperons are produced via decays of heavier strange particles, such as Σ 0 , Σ ⋆ and Ξ. As was first pointed by
Bigi [31] , in polarized lepton-nucleon DIS these heavy hyperons may inherit polarization from the remnant diquark left behind when the struck quark is removed, or from the polarization of the fragmenting quark. The Λ 0 hyperons originating from decays of these hyperons will then also acquire some polarization, and this effect should be taken into account in any theoretical consideration.
We formulate in Section 2.1 of this paper a refinement of the polarized intrinsic strangeness model [10, 11] 2 Model for Λ 0 Polarization
Polarized Intrinsic Strangeness Model
The main idea of the polarized intrinsic strangeness model applied to semi-inclusive DIS is that the polarization of s quarks ands antiquarks in the hidden strangeness component of the nucleon wave function should be (anti)correlated with that of the struck quark. This correlation is described by the spin correlation coefficients C sq
where P q and P s are the polarizations of the initial struck (anti)quark and remnant s quark.
Such a correlation can be motivated by a strong attraction between quark and antiquark in the spin-singlet pseudoscalar J P = 0 − channel, and the fact that vacuum quark-antiquark pairs must be in a relative spin-triplet 3 P 0 state. In the original version of this model [10, 11] , the spin projection of thess pair on the direction of the struck quark spin was taken to be S z (ss) = −1, i.e., maximal anticorrelation between the polarizations of the struck quark and the remnant s quark was assumed, corresponding to a spin correlation coefficient
other values of C sq are also conceivable. For example, an alternative scenario for polarized intrinsic strangeness in which the S z (ss) = −1 and S z (ss) = 0 states of thesspair are equally probable has been considered in [9, 38] . In that case, one would have C sq = − 1 3 . Moreover, the spin correlation coefficients could in principle be different for scattering off a valence and a sea quark: (C sq val = C sqsea ).
In this paper we refine the polarized intrinsic strangeness model [10, 11] as follows:
-We leave C sq val and C sqsea as free parameters, that are fixed in a fit to the NOMAD data [15] .
-We take into account the polarization transfer from heavier hyperons.
Polarization of Strange Hadrons in Diquark Fragmentation
After removing a polarized scattered quark from an unpolarized nucleon, the remnant diquark may combine with an s quark -which could originate from the nucleon sea or from a colour string between the diquark and the scat- 
where P q is the polarization of the struck quark, In (4), we have taken into account the fact that, in both the electromagnetic decay of the Σ 0 and the strong decay of the Σ ⋆ to Λ 0 , the non-strange diquark changes its spin from 1 to 0, while the strange quark retains its polarization [30] .
After some straightforward algebra, we obtain the following predictions of non-zero polarization for Λ hyperons, where more details can be found in Appendix B:
In these expressions, l stands for either the charged lepton in an electromagnetic interaction or the (anti)neutrino in a neutral-current interaction. The interacting quark polarization, denoted by P q in (5), is different in different processes, and depends in general on the quark flavour.
The polarization of the interacting quark (d and u) for (anti)neutrino interactions via both charged and neutral current and for charged-lepton interactions via the electromagnetic current is shown in Table 2 . In this Table, ξ ≡ 2/3 sin 2 θ W , P B is the charged-lepton longitudinal polarization, and
(1−y) 2 is the virtual photon depolarization factor, while y represents the relative energy loss of the lepton.
Polarization of Strange Hadrons in Quark Fragmentation
We now discuss in more detail how strange hadrons produced in the fragmentation of a polarized quark could also be polarized. The polarization of Λ 0 hyperons produced promptly or via a strange baryon Y in quark fragmenta-0 Polarization in Deep-Inelastic Production tion is related to the quark polarization P q , see Table 2, by: However, Λ 0 hyperons produced via the decays of heavier strange hyperons originating from u or d quark fragmentation could also be polarized.
The second approach was suggested by Burkardt and Jaffe [22] , who assumed that the 'spin crisis' exists not only for the nucleon, but also for other octet hyperons. Then, using flavor SU (3) symmetry and polarized DIS data, they concluded that the u and d quarks inside the Λ 0 hyperon are polarized in the opposite direction to the Λ 0 spin at the level of −20% each. In the same way, the spin contents of all octet baryons were obtained in [27] . Then, they assumed that the polarized quark-to-hyperon fragmentation function was equal to the quark distribution function in that hyperon. We note that, in this Burkardt-Jaffe (BJ) model, all the strong-interaction effects are in principle included in the fragmentation and distribution functions.
Therefore, one should not consider spin transfer from Σ * hyperons to the Λ 0 hyperon in BJ model. Table 3 summarizes the spin correlation coefficients in the SU (6) and BJ models for both prompt Λ 0 hyperons and octet and decuplet intermediate hyperons.
Fragmentation Models
In order to apply our formalism to a real experimental environment, it is important to know the relative fractions of Λ 0 hyperons produced in different channels in both quark and diquark fragmentation in different regions of the DIS phase space.
It is well known from inclusive reactions at high energies that the typical hadronic rapidity correlation length is ∆y h ≃ 2. Thus to select, for example, the current fragmentation region one has to choose the hadrons with centreof-mass rapidity y CM h > 2 [32] . According to this criterion, the minimal fraction z min of the energy transferred to the struck quark required to select particles produced in the quark fragmentation region depends on the particle species and on the invariant mass of hadronic system, W .
For example [33] , in the case of Λ 0 production at W = 5
GeV, ∆y h < 1.5 at any value of z, and at W = 20 GeV the criterion is satisfied only for z > 0.5, where the production yield of Λ 0 hyperons is strongly suppressed.
However, as we now show, the beam energies in current experiments on Λ 0 polarization [7, 15, 16, 20, 21] are not enough for the x F > 0 region to be populated by q → Λ 0 fragmentation only.
To describe Λ 0 production and polarization in the full
x F interval, we use the LUND string fragmentation model, We vary the two correlation coefficients C sq val and C sqsea in fitting Models A and B to the NOMAD Λ polarization data [15] . Scattering of the exchange W boson on the sea quark is expected to be enhanced in Λ 0 hyperons produced at low x Bj or high W 2 . A strong target nucleon effect was also found by NOMAD. Therefore, we fit the following 4 NOMAD points to determine our free parameters:
We find from these fits similar values for both the SU (6) and BJ models: 
Results and Discussion
We present in this Section our model predictions for the longitudinal polarization of Λ 0 hyperons as a function of the kinematic variables W 2 , Q 2 , x Bj , y Bj , x F and z in both charged-and neutral-current DIS for neutrinos and antineutrinos, and in charged-lepton DIS processes. Where data are available, we compare them with our model predictions.
Λ Polarization in (Anti)Neutrino DIS

Charged Currents
Our model predictions for the polarization of Λ hyperons produced in ν µ charged-current DIS interactions off nuclei as functions of different kinematic variables are shown in Fig. 4 . The predictions are compared with the observed dependences of the Λ 0 polarization found by the NOMAD Collaboration [15, 17] . We see that the predictions of models A and B are both in quite good agreement with the NOMAD data, with model B perhaps being slightly preferred by the W 2 and x Bj distributions. We note that Λ 0 polarization in quark fragmentation is calculated using the SU (6) model for the spin transfer -see Table 3 .
However, as mentioned in Section 2.4, the fraction of Λ 0 hyperons produced via quark fragmentation is relatively small even at x F > 0. Thus the predictions of the SU (6) and BJ [22] spin-transfer models for the polarization of Λ The predicted dependence on the target nucleon is summarized in Table 5 .
Neutral Currents
The degree of Λ 0 polarization in (anti)neutrino neutralcurrent DIS processes is of great interest, since the Z 0 boson interacts with both flavours of valence quark, in contrast to charged-current interactions. Therefore, it is possible in principle to check the universality of C sq coefficients using neutral-current data. We have been informed that the NOMAD Collaboration plans to investigate for the first time the polarization of Λ 0 andΛ 0 hyperons produced in neutrino neutral-current DIS. Also, we observe that this process is of potential interest for a future neutrino factory [9] .
Therefore, we provide here our model predictions for the polarization of Λ hyperons as a function of W 2 , Q 2 ,
x Bj , y Bj , x F and z produced in the neutral-current DIS interactions with nuclei of neutrinos, in Figs. 6, and antineutrinos, in Figs. 7. In Tables 6 and 7 we summarize our model predictions for the target nucleon effects for ν µ andν µ NC DIS processes respectively. The beam energy is again taken to be 43.8 GeV.
Λ Polarization and Spin Transfer in
Charged-Lepton-Nucleon DIS
The sign of the polarization of Λ hyperons produced in polarized charged-lepton DIS off and unpolarized nucleon depends on the sign of the beam polarization. Therefore we provide our model predictions for the spin transfer, which is defined as P Λ /P B D(y). We note that the spin transfer is positive for negatively-polarized Λ 0 hyperons produced in the scattering of negatively-polarized beams.
HERMES
The HERMES experiment at HERA is collecting data on the polarization of Λ 0 hyperons produced in polarized e 
E665
The E665 Collaboration has reported [21] Table 10 .
Summary
We now summarize the key points of this paper. We have developed a model for Λ polarization in DIS that combines polarized intrinsic strangeness with non-relativistic SU (6) wave functions. This model has been combined with the Lund model to describe the fragmentation processes. We have emphasized that the struck-quark and target fragmentation regions overlap significantly in experiments in the energy range currently available, and this effect is taken into account in our calculations.
Our model has only two free parameters, which are fixed from a fit to NOMAD data on the longitudinal polarization of Λ 0 hyperons produced in neutrino DIS. Our model describes well the various data available from this experiment [15, 17] and from experiments on charged-lepton DIS [20, 21] . We have proposed two model variants that differ in the extent to which Lund tagging information is 
Decuplet Hyperons
The quark-diquark SU (6) wave functions of octet and decuplet baryons for non-vanishing matrix elements in (4) read:
where 
B -Details of P Λ Calculations
We use non-relativistic SU (6) wave functions (see App. A) in order to compute the matrix elements in (4). We consider here in more detail calculations for Λ hyperons produced in charged-lepton-nucleon, as the most general example. In this case, the struck quark can be polarized only if the beam or/and target are polarized. We consider the case of polarized beam and unpolarized target. After removing a polarized quark q from the nucleon, the product of the wave functions of the diquark remnant and s quark reads:
where 1 + C sq s ↑ + 1 − C sq s ↓ corresponds to the spin part of the polarized s quark wave function, and |N ⊖q pol is the wave function of the nucleon remnant. Explicitly: 
